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(54) Method and apparatus for sensing impact crash conditions with saf ing function 



(57) An apparatus (10) for controlling actuation of a 
first actuatable restraint (18) and a second actuatable 
restraint (20) includes a first crash accelerometer (22) 
for providing a discriminating crash acceleration signal 
when a crash event is sensed in a first direction and a 
safing crash acceleration signal when a crash event is 
sensed in a second direction. A second crash acceler- 
ometer (34) provides a safing crash acceleration signal 
when a crash event is sensed in the first direction and a 
discriminating crash acceleration signal when a crash 
event is sensed in the second direction. A third crash 
accelerometer (90) provides another safing crash signal 
when a crash event is sensed in either the first or sec- 
ond directions. The first actuatable restraint (18) is actu- 
ated when the first accelerometer (22) provides the 
discriminating crash acceleration signal and either the 
second or third accelerometers provide a safing crash 
signal. The second actuatable restraint (20) is actuated 
when the second accelerometer (34) provides a dis- 
criminating crash signal and either the first or the third 
accelerometer provides a safing crash signal. 
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Description 
Cross-Reference to Related Application 

This application is a continuation-in-part of co-pending patent application to Foo et al.. Ser. No. 08/490,715 filed 
June 15, 1995, entitled "METHOD AND APPARATUS FOR PROVIDING A SAFING FUNCTION FOR SIDE IMPACT 
CRASH SENSING SYSTEMS" and assigned to TRW Inc. 

Background of the Invention 

Technical Field 

The present invention is directed to. an occupant restraint system in a vehicle and specifically to a method and 
apparatus for sensing a side impact crash condition with a safing function. 

Description of the Prior Art 



Systems for restraining vehicle occupants during front and side impacts are known in the art. A side restraint sys- 
tem includes an air bag assembly, each vehicle side seat location having an associated air bag assembly. A controller 
20 . is connected to the assembly. The controller controls actuation of the air bag in response to signals provided from a plu- 
rality of crash sensors. Typically, each air bag assembly has an associated crash sensor mounted in the associated side 
assembly of the vehicle. A typical crash sensor is a "crush sensor* such as a contact switch which detects the crushing 
of a vehicle door during a side impact. 

Front restraint systems typically include two crash sensors. One of the crash sensors functions as a "primary" crash 
25 sensor. The other crash sensor is referred to as a safing crash sensor. Actuation of the restraint system requires detec- 
tion of a deployment crash condition by both the primary sensor and the safing sensor. 

Summary of the Invention 

30 In accordance with the present invention, crash sensors are provided on each side of the vehicle for sensing side 

impacts. A controller monitors both of the crash sensors. Each of the crash sensors function as a discriminating crash 
sensor and as a safing crash sensor depending on the direction of the crash event. Therefore, each of the sensors per- 
form a selected one of two possible functions. A third crash sensor is provided at a central location of the vehicle and 
functions as a secondary safing crash sensor. A restraint is actuated when the discriminating crash sensor and when 

35 either the safing sensor or the secondary safing sensor senses a crash event. 

In accordance with one aspect of the present invention, an apparatus for controlling an actuatable restraint com- 
prises first acceleration sensing means having an axis of sensitivity and mounted to the vehicle at a first location of the 
vehicle with the axis of sensitivity of the first acceleration sensing means oriented in a first direction. The first accelera- 
tion sensing means provides a discriminating crash signal when crash acceleration is sensed in the first direction. Sec- 

40 ond acceleration sensing means is provided having an axis of sensitivity and mounted to the vehicle at a second 
location of the vehicle with the axis of sensitivity of the second acceleration sensing means being oriented substantially 
parallel with the first direction and 1 80 degrees from the axis of sensitivity of the first acceleration sensing means. The 
second acceleration sensing means provides a safing crash signal when crash acceleration is sensed in the first direc- 
tion. Third acceleration sensing means is provided having an axis of sensitivity and mounted to the vehicle at a third 

45 location of the vehicle with the axis of sensitivity of the third acceleration sensing means being substantially parallel with 
the first direction. The third acceleration sensing means provides a secondary safing crash signal when crash acceler- 
ation is sensed in the first direction. The apparatus further includes means for actuating the actuatable restraint when 
the first crash sensing means provides the discriminating crash signal and when either (i) the third crash sensing means 
provides the secondary safing crash signal or (ii) the second crash sensing means provides the safing crash signal. 

so In accordance with another aspect of the present invention, an apparatus for controlling actuation of a first actuat- 

able restraint. and a second actuatable restraint comprises first crash sensing means for providing a discriminating 
crash signal when a crash event is sensed in a first direction and a safing crash signal when a crash event is sensed in 
a second direction. Second crash sensing means provides a safing crash signal when a crash event is sensed in the 
first direction and a discriminating crash signal when a crash event is sensed in the second direction. The apparatus 

55 further includes third crash sensing means for providing a secondary safing crash signal when a crash event is sensed 
in either the first direction or. the second direction. Means are provided for actuating the first actuatable restraint when 
the first crash sensing means provides the discriminating crash signal and when either (i) the third crash sensing means 
provides the secondary safing crash signal or (ii) the second crash sensing means provides the safing crash signal. The 
apparatus further includes means for actuating the second actuatable restraint when either (i) the first crash sensing 
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means provides the safing IWsignal or (ii) the third crash sensing means provid^P secondary safing crash signal, 
a 4 'id when the second crash sensing means provides the discriminating crash signal. 

In accordance with another embodiment of the present invention, a method for controlling actuation of a first actu- 
atable restraint and a second actuatable restraint comprises the step of sensing a crash acceleration using a first accel- 

5 eration sensor. The first acceleration sensor provides a discriminating crash signal when a crash event is sensed in a 
first direction and provides a safing crash signal when a crash event is sensed in a second direction. The method further 
comprises the step of sensing a second crash acceleration using a second acceleration sensor. The second accelera- 
tion sensor provides a safing crash signal when a crash event is sensed in the first direction and providing a discrimi- 
nating crash signal when a crash event is sensed in the second direction. The method also includes the step of sensing 

to a crash acceleration using a third crash sensing means and providing a secondary safing crash signal when a crash 
event is sensed. The method further includes the step of actuating the first actuatable restraint when the first crash 
sensing means provides the discriminating crash signal and when either (i) the third crash sensing means provides the 
secondary safing crash signal or when (ii) the second crash sensing means provides said safing crash signal, and actu- 
ating the second actuatable restraint when either (i) the first crash sensing means provides the safing crash signal or 

is "(ii) the third crash sensing means provides the secondary safing crash signal, and when the second crash sensing 
means provides the discriminating crash signal. 

Brief Description of the Drawings 

20 Further features and advantages of the present invention will become apparent to those skilled in the art to which 
the present invention relates from reading the following detailed description with reference to the accompanying draw- 
ings, in which: 

Fig. 1 is a block diagram of a vehicle side impact restraint system in accordance with one embodiment of the 
25 present invention; 

Fig. 2 is a flow-chart of the control process executed by the central control module of Fig. 1 ; 
Fig. 3 is a flow-chart of the control process of the driver side module of Fig. 1 ; 
Fig. 4 is a flow-chart of the control process of the passenger side module of Fig. 1 ; 

Fig. 5 is a block diagram of a vehicle side impact restraint system in accordance with another embodiment of the 
30 present invention; and 

Fig. 6 is a flow-chart of the control process executed by the central control module of Fig. 5. 

Description of Preferred Embodiments 

as Referring to Fig. 1 , a vehicle side impact restraint system 1 0. in accordance with one embodiment of the present 
invention includes a central control module 12. The central control module 12 is preferably a microcomputer pro- 
grammed to execute a desired control process. A driver's side module 1 4 is connected to the central control module 1 2. 
A passenger's side module 16 is connected to the central control module. 

The driver's side module 14 includes an accelerometer 22. The accelerometer 22 senses acceleration in a direction 

40 parallel to its axis of sensitivity 24 and provides an accelerometer signal 26 indicative of the sensed crash acceleration 
along its axis of sensitivity. The accelerometer 22 is, in accordance with one embodiment, mounted in a vehicle driver's 
side door such that its axis of sensitivity 24 is transverse to the vehicle direction of travel, i.e., transverse to the fore and 
aft direction of the vehicle. The accelerometer 22 may be mounted at other locations on the driver's side of the vehicle 
such as the B-piilar or floor cross member. The axis of sensitivity 24 is oriented so that the acceleration signal 26 has 

45 a positive value when the sensed acceleration has a component toward the center of the vehicle, i.e.. into the door. 
When an impact into the driver side of the vehicle occurs, the acceleration signal 26 has a positive value. An impact to 
the passenger side of the vehicle will result in the acceleration signal 26 having a negative value. 

A filter 28 filters the acceleration signal 26 and outputs a filtered acceleration signal 30. The filter 28 functions as 
an anti-alias filter to block frequencies in the acceleration signal above a certain cutoff value. Such frequencies could 

so result in aliasing of the analog filtered acceleration signal 30 when this signal is converted to a digital signal. 

A microcomputer 32 periodically samples the filtered acceleration signal 30 and performs an analog-to-digital 
("A/D") conversion on each sample. The A/D conversion of a sample results in a digital value representing the analog 
value of that sample. The sample rate of the microcomputer 32 is chosen to satisfy known sampling criteria and guar- 
antee that the digital values accurately represent the filtered acceleration signal 30. 

55 The passenger side module 16 is similar to the driver side, module 14. It includes an accelerometer 34 which 
senses acceleration along its axis of sensitivity 36 and provides an acceleration signal 38 indicative thereof. The accel- 
erometer 34 is, in accordance with one embodiment of the present invention, mounted in a vehicle passenger side door 
such that its axis of sensitivity 36 is substantially transverse to the vehicle direction of travel, i.e.. substantially trans- 
verse to the fore and aft direction of the vehicle. The accelerometer 34 may be mounted at other locations on the pas- 
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senger's side of the vehicle su^^Pthe 8-piilar or floor cross member. The axis of seTWWty 36 is oriented so that the 
acceleration signal 38 has a positive value when the sensed acceleration has a component into the passenger side of 
the vehicle. Thus, when an impact to the passenger side of the vehicle occurs, the acceleration signal 38 has a positive 
value. An impact to the driver side of the vehicle will, conversely, cause the acceleration signal 38 to have a negative 
5 value. 

A filter 40 filters the acceleration signal 38 and outputs a filtered acceleration signal 42. The filter 40 functions as 
an anti-alias filter to block frequencies above a cutoff value which could result in aliasing when the analog filtered accel- 
eration signal 42 is converted to a digital signal. 

A microcomputer 44 periodically samples the filtered acceleration signal 42 and performs a conversion on each 

w sample. The A/D conversion of a . sample results in a digital value representing the analog value of that sample. The 
sample rate of the microcomputer 44 is chosen to satisfy known sampling criteria and guarantee that the digital values 
accurately represent the filtered acceleration signal 42. 

Since the vehicle acceleration monitored by each accelerometer 22 and 34 has two sensing capabilities, i.e., pos- 
itive and negative or into the driver's or passenger's side, the single sensor associated with a single side of the vehicle 

75 can serve two functions. First, a positive crash acceleration value from the driver's side accelerometer 22 is used to 
detect a crash event into the driver's side of the vehicle. In this mode, the sensor functions as a discriminating sensor. 
Second, the negative output from the driver's side accelerometer 22 is used as a passenger's side safing function for 
the purpose of verifying an event into the passenger's side of the vehicle. 

Similarly, the positive acceleration signal from the passenger's side accelerometer 34 is used to detect a crash 

20 event into the passenger's side of the vehicle. In this mode, the sensor functions as a discriminating sensor. A negative 
output from the passenger's side accelerometer 34 is used as the driver's side safing function to verify a crash event 
into the driver's side of the vehicle. In accordance with this embodiment, actuation of a driver's associated restraint 
device occurs only after a driver's side accelerometer detects a deployment crash event into the driver's side and the 
passenger's side accelerometer verifies the crash event into the driver's side. Also in accordance with this embodiment, 

25 actuation of a passenger's associated restraint device occurs only after the passenger's side accelerometer detects a 
deployment crash event into the passenger's side and the driver's side accelerometer verifies the crash event into the 
passenger's side. 

Each digital value of acceleration from the driver's side accelerometer 22 is designated A(k), where A(k) represents 
the most recent sample, A(k-1) the next most recent sample, and so forth. The six most recent digital values (i.e., A(k- 
30 5). A(k-4), A(k-3), A(k-2), A(k-1), and A(k)) are stored in memory in the microcomputer 32. The microcomputer 32 uses 
these stored digital values to calculate a driver's crash value and a passenger's safing value. 

Each digital value from the passenger's side accelerometer 34 is designated A'(k), where A'(k) represents the most 
recent sample, A(k-1) the next most recent sample, and so forth. The six most recent digital values (i.e., A'(k-5), A'(k- 
4), A'(k-3). A'(k-2), A'(k-1), and A(k)) are stored in memory in the microcomputer 44. The microcomputer 44 uses these 
35 stored digital values to calculate a passenger's crash value and a driver's safing value. 

The driver's crash value is designated A_MA_Driver and represents the crash acceleration value sensed by accel- 
erometer 22 in response to crash force into the driver's door, i.e., a value determined in response to positive accelera- 
tion signals from accelerometer 22. The passenger's safing value is designated A__Saf ing_Passenger and represents a 
value sensed by accelerometer 22 in response to crash force into the passenger's door, i.e., a value determined in 
40 response to negative acceleration signals from accelerometer 22. A_MA_Driver is determined using a six point moving 
average in accordance with the formula 

a nr . /or A(kS) +A(k-4) +A(Jc-3) +A(/c-2) +A(k-1) +A(k) 
A—biA-Dx jl ver = — — 

o 



45 



50 



(1) 



A_Safing_Passenger is determined using a three point moving average in accordance with the formula 
A-Safing-Passenger = <*-2) »A <*) (2) 

55 After calculating the crash value A_MAJDriver and safing value A_Safing_Passenger, the microcomputer 32 outputs 
these values to the central module 12. Other formulas could be used to determine these two values. 

The passenger's crash value is designated A__MA_Passenger, is determined using a six point moving average in 
accordance with the formula 
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A'(k-S) +A ; (ic-4) + A'{k - 3) +A f (k-2) +A f {k-1) +A*(k) 
A-MA~Passenger = ^—^ ■ g — ~ 

(3) 

The driver's safing value, designated A_Saf ing_Driver, is determined using a three point moving average in accordance 
with the formula 

ASafing-Driver = 

After calculating the passenger's crash value A_MA_Passenger and driver's safing value A_Safing_D river, the micro- 
computer 44 outputs these values to the central control module 12. Other formulas could be used to determine these 
two values. 

In response to the crash and safing values output by the side modules 1 4 and 16, the central control module 12 
determines whether a driver's side or passenger's side crash is occurring. To make this determination, the central con- 
trol module 12 compares each of the crash and safing values against associated threshold values. The threshold values 
are stored in the memory of the central control module 12. Two threshold values are stored, a crash threshold value T c 
and a safing threshold value T s . The crash threshold value T c has a positive value while the safing threshold value T s 
has a negative value. Those skilled in the art will appreciate that these determinations could be made in the side mod- 
ules 14 16 instead of in the central module 12, this being a preferred embodiment. 

In accordance with one embodiment, the central control module 12 detects driver's side crashes from the 
A_MA_Driver crash value and the A_Safing_Driver safing value. When A_M A_Driver is greater than the crash thresh- 
old value T c and A_Safing_D river is less than the safing threshold value T s , the central control module 12 concludes 
that a^driver side crash is occurring. In response to this determination, the central control module 12 activates the 
driver's side air bag assembly 1 8 to deploy the associated air bag. 

The central module 12 uses the "less than" criterion for the safing value because of the 180° offset orientation 
between the axes-of-sensitivity of the accelerometers. When a driver side crash is occurring, the vehicle experiences 
an acceleration in a direction from the driver side to the passenger side, i.e., into the driver side. As a result, the accel- 
eration signal 26 provided by the driver's side accelerometer 22 has a positive value. In contrast, the acceleration signal 
38 provided by the passenger's side accelerometer 34 has a negative value. The "less than" criterion is used to deter- 
mine when this negative value of acceleration has exceeded (i.e., become more negative than) a particular negative 
threshold. 

The occurrence of a passenger's side crash is detected in a similar manner. In accordance with one embodiment, 
the central control module 12 monitors the A_MA_Passenger crash value and the A_Safing_Passenger safing value. 
When AJv1A_Passenger is greater than the crash threshold value T c and A_Safing_Passenger is less (i.e., more neg- 
ative) than the safing threshold value T s , the central module 12 concludes that a passenger side crash is occurring. In 
response to this determination, the central module activates the passenger's side air bag assembly 20 to deploy the 
associated air bag. . . 

In accordance with this embodiment of the present invention, the central module 12 utilizes a safing value deter- 
mined from the accelerometer signal on the vehicle side opposite the crash. For example, in a driver's side crash con- 
dition the A-Safing-Driver safing value is derived from the acceleration signal 38 provided by the passenger side 
accelerometer 34. With this arrangement, each sensor serves two sensing functions. 

Referring to Fig. 2. the control process executed by the central control module 12 of Fig. 1 starts with step 50. In 
step 52, according to this embodiment, the central control module 12 reads the 

A_MA_Driver crash value and A_Saf ing^Passenger safing value output from the microcomputer 32 in the driver side 
module 1 4. From step 52, the process goes to step 54. In step 54, according to this embodiment, the central module 1 2 
reads the A_MA_Passenger crash value and the A_Saf ing_Driver safing value output from the microcomputer 44 in the 
passenger side module 16. The process then proceeds to step 56. 

In step 56. according to this embodiment, the central module 12 determines whether A_MA_Driver is greater than 
the crash threshold value T c and A_Saf ingJD river is less than the safing threshold value T s . If the determination in step 
56 is affirmative, a driver's side crash is occurring. In this situation, the process goes to step 58 and the central module 
1 2 activates the driver side air bag assembly 1 8 to deploy the driver's side air bag. If the determination in step 56 is neg- 
ative, then a driver's side crash is not occurring and the process proceeds to step 60. If the driver's side air bag was 
deployed in step 58. the process proceeds to step 60. 

In step 60. according to this embodiment, the central module determines whether A_MA_Passenger is greater than 
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the crash threshold value T, a afing_Passenger is less than the safing thresholiWPue T s . If the determination in 

step 60 is affirmative, a passenger's side crash is occurring. In this situation, the process goes to step 62 and the central 
module 12 activates the passenger's side air bag assembly 20 to deploy the passenger side air bag. If the determination 
in step 60 is negative, however, the process goes back to step 52. If the passenger's side air bag was deployed in step 

5 62. the process loops back to step 52. The central module 12 continuously monitors and evaluates the crash and safing 
values output by the side modules 1 4 and 1 6. 

Referring to Fig. 3, the process executed by the driver's side module 14 shown in Fig. 1 starts in step 70 and pro- 
ceeds to step 72. In step 72. the driver's side module 14 performs the A/D conversion of the filtered acceleration signal 
30. The process thereafter goes to step 74 and determines the A_MAJDriver crash value in accordance with formula 

to (1). From step 74, the process goes to step 76 and determines the A_Safing_Passenger safing value in accordance 
with formula (2). The process, according to this embodiment, then goes to step 78 and the driver side module 14 out- 
puts the A_MA_Driver and A_Safing_Passenger values to the central module 12. After executing step 78, the process 
loops back to step 72. The driver's side module 14 continuously executes the process defined by steps 72 to 78. 

Referring to Fig. 4, the process executed by the passenger's side module 16 shown in Fig. 1 starts in step 80 and 

15 proceeds to step 82. In step 82, the passenger's side module 16 performs the A/D conversion of the filtered acceleration 
signal 42. The process thereafter goes to step 84 and determines the A_MA_Passenger crash value in accordance with 
formula (3). From step 84, the process goes to step 86 and determines the A_Safing_Driver safing value in accordance 
with formula (4). The process, according to this embodiment, then loops to step 88 and the passenger's side module 
16 outputs the A_MA_Passenger and A_Safing_D river values to the central module 12. After executing step 88, the 

20 process goes back to step 82. The passenger's side module 1 6 continuously executes the process defined by steps 82 
to 88. 

The values, according to this embodiment, determined in steps 72-78 and 82-88 are those output to central control 
module 12 and those used in steps 52 and 54 of Fig. 2. 

Those skilled in the art will appreciate that other than a six point moving average process may be used in the dis- 
25 criminating crash event determination. Combinations of moving averages may be used and ORED together. For exam- 
ple, a three point moving average may be compared against an associated threshold and that comparison result ORED 
with the result of a six point moving average compared against its associated threshold value. 

In the system described, each accelerometer provides distinguishably different signals for accelerations in two 
opposing directions. Thus, each accelerometer provides one signal for accelerations caused by impacts on its respec- 
30 tive side of the vehicle, and another, distinguishably different, signal for accelerations caused by impacts on the oppo- 
site side of the vehicle. Therefore, two sensors provide redundant detection of crashes on either side of the vehicle. The 
• sensor on the same side as the crash (the discriminating sensor) will provide a large acceleration signal, and the sensor 
on the other side of the vehicle (the safing sensor) will provide a smaller, distinguishably different acceleration signal. 
Reliability is enhanced by using the output of the opposite side sensor to verify that the output of the discriminating sen- 
35 sor. 

Referring to Fig. 5, a vehicle side impact restraint system 10'. in accordance with another embodiment of the 
present invention, is shown. The system of Fig. 5 is a modified version of that shown in Fig. 1. Like elements in the Fig- 
ures are like numbered. The like elements in Fig. 5 have a prime designation following the number. 

The system 1 0' includes a central control module 1 2'. The central control module 1 2* is preferably a microcomputer 
40 programmed to execute a desired control process. A driver's side module 14' is connected to the central control module 
1 2'. A passenger's side module 16' is connected to the central control module. 

The driver's side module 1 4' includes an accelerometer 22'. The accelerometer 22' senses acceleration in a direc- 
tion parallel to its axis of sensitivity 24' and provides an accelerometer signal 26' indicative of the sensed crash accel- 
eration along its axis of sensitivity. The accelerometer 22' is, in accordance with one embodiment, mounted in a vehicle 
45 driver's side door such that its axis of sensitivity 24' is transverse to the vehicle direction of travel, i.e., transverse to the 
fore and aft direction of the vehicle. The.acceierometer 22* could be mounted at other locations on the driver's side such 
as the B-pillar or floor cross member. The axis of sensitivity 24* is oriented so that the acceleration signal 26' has a pos- 
itive value when the sensed acceleration has a component toward the center of the vehicle, i.e., into the door. When an 
impact into the driver side of the vehicle occurs, the acceleration signal 26' has a positive value. An impact to the pas- 
so senger side of the vehicle will result in the acceleration signal 26' having a negative value. 

A filter 28' filters the acceleration signal 26' and outputs a filtered acceleration signal 30'. The filter 28' functions as 
an anti-alias filter to block frequencies in the acceleration signal above a certain cutoff value. Such frequencies could 
result in aliasing of the analog filtered acceleration signal 30' when this signal is converted to a digital signal. 

A microcomputer 32' periodically samples the filtered acceleration signal 30* and performs an analog-to-digital 
55 ("A/D") conversion on each sample. The sample rate of the microcomputer 32' is chosen to satisfy known sampling cri- 
teria and guarantee that the digital values accurately represent the filtered acceleration signal 30*. 

The passenger side module 16' is similar to the driver side module 14'. It includes an accelerometer 34* which 
senses acceleration along its axis of sensitivity 36' and provides an acceleration signal 38' indicative thereof. The accel- 
erometer 34' is, in accordance with one embodiment of the present invention, mounted in a vehicle passenger side door 
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such that its axis of sensitive' is substantially transverse to the vehicle direct^Wf travel, i.e.. substantially trans- 
verse to the fore and aft direction of the vehicle. The accelerometer 34' could be mounted at other locations on the pas- 
senger's side such as the B-pillar or floor cross member. The axis of sensitivity 36" is oriented so that the acceleration 
signal 38' has a positive value when the sensed acceleration has a component into the passenger side of the vehicle. 
Thus when an impact to the passenger side of the vehicle occurs, the acceleration signal 38' has a positive value. An 
impact to the driver side of the vehicle will, conversely, cause the acceleration signal 38' to have a negative value. 

A filter 40' filters the acceleration signal 38' and outputs a filtered acceleration signal 42V The filter 40' functions as 
an anti-alias filter to block frequencies above a cutoff value which could result in aliasing when the analog filtered accel- 
eration signal 42' is converted to a digital signal. 

ro A microcomputer 44' periodically samples the filtered acceleration signal 42' and performs a conversion on each 
sample The A/D conversion of a sample results in a digital value representing the analog value of that sample. The 
sample rate of the microcomputer 44' is chosen to satisfy known sampling criteria and guarantee that the digital values 
accurately represent the filtered acceleration signal 42'. 

Since the vehicle acceleration monitored by each accelerometer 22' and 34' has two sensing capabilities, i.e.. pos- 

is itive and negative or into the driver's or passenger's side, the single sensor associated with a single side of the vehicle 
can serve two functions. First, a positive crash acceleration value from the driver's side accelerometer 22' is used to 
detect a crash event into the driver's side of the vehicle. In this mode, the sensor functions as a discriminating sensor. 
Second, the negative output from the driver's side accelerometer 22' is used as a passenger's side saf mg function for 
the purpose of verifying an event into the passenger's side of the vehicle. 

o 0 Similarly, the positive acceleration signal from the passenger's side accelerometer 34' is used to detect a crash 
event into the passenger's side of the vehicle. In this mode, the sensor functions as a discriminating sensor. A negative 
output from the passenger's side accelerometer 34' is used as the driver's side safing function to verify a crash event 
into the driver's side of the vehicle. 

The driver's crash value is designated A_MA_Driver and represents the crash acceleration value sensed by accei- 

25 erometer 22' in response to crash force into the driver's door. i.e.. a value determined in response to positive accelera- 
tion signals from accelerometer 22'. The passenger's safing value is designated A_Safing_Passenger and represents 
a value sensed by accelerometer 22' in response to crash force into the passenger's door, i.e., a value determined in 
response to negative acceleration signals from accelerometer 22'. A_MA_Driver is determined using a six point moving 
average A_Safing_Passenger is determined using a three point moving average. After calculating the crash value 

30 A_MA_Driver and safing value A_Saf ing_Passenger. the microcomputer 32' outputs these values to the central module 
12' r '' 

Thepassenger's crash value is designated A_MA_Passenger, is determined.usingjusjx point moving ayeragejhe_ 

driver's safing value, designated A_Safing_Driver. is determined using a three point moving average. After calculating 
the passenger's crash value A_MA_Passenger and driver's safing value A_Safing_Driver. the microcomputer 44'. 

35 according to this embodiment, outputs these values to the central control module 12'. 

A third acceierometer 90 is located at an interior location of the vehicle between the driver's and passenger's doors. 
Preferably, accelerometer 90 is mounted in the transmission tunnel of the vehicle with its axis 91 of sensitivity oriented 
parallel to the axes 24' and 34'. i.e.. substantially transverse to the fore and aft direction of the vehicle. The output of 
accelerometer 90 provides an acceleration signal indicative of sensed acceleration in a sideways direction. Moreover. 

4o the accelerometer 90 is oriented so that its acceleration signal has a positive value when the sensed acceleration has 
a component into the driver's side of the vehicle. Thus, when an impact to the driver's side of the vehicle occurs, the 
acceleration signal from accelerometer 90 has a positive value. An impact to the passenger's side of the vehicle will, 
conversely, cause the acceleration signal from the accelerometer 90 to have a negative value. 

A filter 92 filters the acceleration signal from the accelerometer 90 and outputs a filtered acceleration signal. The 

45 filter 92 functions as an anti-alias filter to block frequencies above a cutoff value which could result in aliasing when the 
analog filtered acceleration signal is converted to a digital signal. The output of filter 92 is a signal refereed to as 
A_MA_TUNNEL and is connected to the central control module 12'. 

According to this embodiment, in response to the crash and safing values output by the side modules 14' and 1 6 
and in response to the crash value determined from accelerometer 90. the central control module 12' determines 

so whether a driver's side or passenger's side crash is occurring. To make this determination, the central control module 
12' compares each of the crash values from the three sensors against associated threshold values. The threshold val- 
ues are stored in the memory of the central control module ~1 2'. The stored threshold values include a crash threshold 
value T c for the doors, a safing threshold value T s , and secondary safing crash threshold values T z and -T t . The crash 
threshold value T c has a positive value while the safing threshold value T s has a negative value. Those skilled in the art 

55 will appreciate that other numeric nomenclature may be used. The nomenclature used herein are selected for purposes 
of explanation only and are not meant to limit the present invention. Those skilled in the art will appreciate that the com- 
parisons of the values determined from accelerometer 22' and 34' could be done in the side modules 14' and 16 . 
respectively, this being a preferred embodiment. 

In accordance with one embodiment, the central control module 12' detects driver's side crashes from the 
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AJV/IA_Driver crash value, the^Blh value A__MAJTUNNEL determined from the tu^w accelerometer 90, and the 
A_Safing_Driver sating value. When A_MA_Driver is greater than the crash threshold value T c and when 
AJvlAJTUNNEL is greater than T t or A_Safing_Drfver is less than the safing threshold value T s , the central control 
module 1 2' concludes that a driver side crash is occurring. In response to this determination, the central control module 

5 12' activates the driver's side air bag assembly 18' to deploy the associated air bag. 

The occurrence of a passenger's side crash is detected in a similar manner. According to this embodiment, central 
control module 12* monitors the A_MA_Passenger crash value, the tunnel crash value AJvlAJTUNNEL, and the 
A_Safing_Passenger safing value. When the A_MA_Passenger value is greater than the crash threshold value T c and 
when the tunnel crash value AJvlAJTUNNEL is less than -T t or the A_Safing_Passenger value is at the same time less 

w than the safing threshold value T s , the central module 12' concludes that a passenger side crash is occurring. In 
response to this determination, the central module 1 2* activates the passenger's side air bag assembly 20' to deploy the 
associated air bag. 

Referring to Fig. 6, the control process executed by the central control module 12* of Fig. 5 starts with step 100. In 
step 102, according to this embodiment, the central control module 12' reads the AJvlA_Driver crash value and 

is A_Safing_Passenger safing value output from the microcomputer 32* in the driver side module 1 4\ From step 102, the 
process goes to step 104. In step 104, according to this embodiment, the central module 12' reads the 
A_MA_Passenger crash value and the A_Safing_Driver safing value output from the microcomputer 44' in the passen- 
ger side module 16*. The control module 12* reads the tunnel accelerometer in step 105 and then determines the crash 
values AJvlAJTUNNEL. The process then proceeds to step 106. 

20 Instep 106. according to this embodiment, the central module 12' determines whether A.MA. Driver value is greater 

than the crash threshold T c and whether the value AJvlAJTUNNEL is greater than T x or whether A_Safing_D river is 
less than the safing threshold value T s . If the determination in step 106 is affirmative, a driver's side crash is occurring. 
In this situation, the process goes to step 108 and the central module 12' activates the driver side air bag assembly 18' 
to deploy the driver's side air bag. If the determination in step 106 is negative, then a driver's side crash is not occurring 

25 and the process proceeds to step 110. If the driver's side air bag was deployed in step 108, the process proceeds to 
step 110. 

In step 110, according to this embodiment, the central module determines whether A_MA_Passenger is greater 
than the crash threshold T c and whether AJMAJTUNNEL value is less than -T T or whether A_Safing_Passenger is less 
than the safing threshold T s . If the determination in step 1 10 is affirmative, a passenger's side crash is occurring. In this 
30 situation, the process goes to step 1 1 2 and the central module 1 2' activates the passenger's side air bag assembly 20* 
to deploy the passenger side air bag. If the determination in step 1 10 is negative, however, the process goes back to 
step 102. If the passenger's side air bag was deployed in step 112, the process loops back to step 102. The central 
module 12'. according to this embodiment, continuously monitors and evaluates the crash and safing values output by 
the side modules 1 4* and 1 6* and the output from the tunnel accelerometer. 
35 In accordance with the embodiment of the present invention shown in Figs. 5 and 6, actuation of a driver's associ- 

ated restraint device occurs only after a driver's side accelerometer detects a deployment crash event into the driver's 
side and the crash event into the driver's side is verified by either the tunnel accelerometer or the passenger's safing 
sensor signal. Actuation of a passenger's associated restraint device occurs only after the passenger's side accelerom- 
eter detects a deployment crash event into the passenger's side and the crash event into the passenger's side is verified 
40 by either the tunnel sensor or the driver's safing sensor signal. 

In the described embodiment, each acceleration signal was averaged over time and then compared against a 
threshold. Other algorithmic analysis techniques could instead be used. Moreover, different algorithms could be used 
to analyze the discriminating crash event and the safing values. . 

From the above description of the invention, those skilled in the art will perceive improvements, changes and mod- 
45 ifications. Such improvements, changes and modifications within the skill of the art are intended to be covered by the 
appended claims. 

According to its broadest aspect the invention relates to: 

An apparatus for controlling an actuatable restraint, comprising: 

so first acceleration sensing means having an axis of sensitivity and mounted to a vehicle at a first side location for 
providing a discriminating crash signal when a sideways crash acceleration of the vehicle is sensed in a first direc- 
tion; and 

second acceleration sensing means having an axis of sensitivity and mounted to a second side location of the vehi- 
cle for providing a safing crash signal when crash acceleration is sensed in said first direction. 



55 



Claims 

1 . An apparatus for controlling an actuatable restraint, comprising: 
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first acceleration WEfog means having an axis of sensitivity and mounte^Wa vehicle at a first side location 
for providing a discriminating crash signal when a sideways crash acceleration of the vehicle is sensed in a first 
direction; 

second acceleration sensing means having an axis of sensitivity and mounted to a second side location of the 
vehicle for providing a saf ing crash signal when crash acceleration is sensed in said first direction; 
third acceleration sensing means having an axis of sensitivity and mounted to the vehicle at a third location of 
the vehicle between said first and second side locations for providing a safing crash signal when crash accel- 
eration is sensed in said first direction; and 

means for actuating said actuatable restraint when said first crash sensing means provides said discriminating 
crash signal and when either said second or said third crash sensing means provides said safing crash signal. 

2. An apparatus for controlling an actuatable restraint, comprising: 

first acceleration sensing means having an axis of sensitivity and mounted to the vehicle at a first location of 
the vehicle with the axis of sensitivity of said first acceleration sensing means oriented in a first direction, said 
first acceleration sensing means providing a discriminating crash signal when crash acceleration is sensed in 
said first direction; 

second acceleration sensing means having an axis of sensitivity and mounted to the vehicle at a second loca- 
tion of the vehicle with the axis of sensitivity of said second acceleration sensing means being oriented sub- 
stantially parallel with said first direction and 180 degrees from the axis of sensitivity of said first acceleration 
sensing means, said second acceleration sensing means providing a safing crash signal when crash acceler- 
ation is sensed in said first direction; 

third acceleration sensing means having an axis of sensitivity and mounted to the vehicle at a third location of 
the vehicle with the axis of sensitivity of said third acceleration sensing means being substantially parallel with 
said first direction and providing a secondary safing crash signal when crash acceleration is sensed in said first 
direction; and 

' means for actuating said actuatable restraint when said first crash sensing means provides said discriminating 
v crash signal and when either said third crash sensing means provides said secondary safing crash signal or 
* said second crash sensing means provides said safing crash signal. 

3. An apparatus for controlling actuation of a first actuatable restraint and a second actuatable restraint, comprising: 

>• first crash sensing means for providing a first discriminating crash signal when a crash event is sensed in a first 
direction and a first safing crash signal when a crash event is sensed in a second direction; 

35 second crash sensing means for providing a second saf ing crash signal when a crash event is sensed in said 

first direction and a second discriminating crash signal when a crash event is sensed in said second direction; 
third crash sensing means for providing a third safing crash signal when a crash event is sensed in said first 
direction and a forth safing crash signal when a crash event is sensed in said second direction; 
means for actuating said first actuatable restraint when said first crash sensing means provides said discrimi- 

40 nating crash signal and when either said third crash sensing means provides said third safing crash signal or 

said second crash sensing means provides said second safing crash signal; and 

means for actuating said second actuatable restraint.when said first crash sensing means provides said first 
safing crash signal or said third crash sensing means provides said forth safing crash signal and said second 
crash sensing means provides said second discriminating crash signal. 

45 

4. The apparatus of claim 3 wherein each of said first crash sensing means, said second crash sensing means, and 
said third crash sensing means are accelerometers. 

5. The apparatus of claim 4 wherein said first restraint is an air bag operatively mounted in a side assembly of the 
50 vehicle associated with the vehicle driver's side and wherein said second restraint is an air bag operatively mounted 

in a side assembly of the vehicle associated with the vehicle passenger's side. 

6. The apparatus of claim 5 wherein said first crash sensing means is mounted in the driver's B-piHar or floor cross 
member of said vehicle, said second crash sensing means is mounted in the passenger's side door of said vehicle. 

55 and wherein said third crash sensing means is mounted at a central ideation of said vehicle. 

7. Apparatus for use in a vehicle having a side impact restraint for protecting the driver against side impacts and a side 
impact restraint for protecting a passenger against side impacts, comprising: 
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a first accelerometer, 




ited on the driver's side of the vehicle and sensitive 



iideways acceleration of the 



vehicle and providing an output signal indicative thereof; 

a second accelerometer, mounted on the passenger's side of the vehicle and sensitive to sideways accelera- 
tion of the vehicle and providing an output signal indicative thereof; 

a third accelerometer, mounted at a central location of the vehicle and sensitive to sideways acceleration of the 
vehicle and providing an output signal indicative thereof; and 

control means for actuating the side impact restraint for the driver only when the signals from the first acceler- 
ometer and when either the signal from the second or the third accelerometer indicate that an impact is occur- 
ring on the driver's side of the vehicle, and for actuating the side impact restraint for the passenger only when 
the signal from the first accelerometer or the third accelerometer and the second accelerometer indicate that 
an impact is occurring on the passenger's side of the vehicle. 

A method for controlling actuation of a first actuatable restraint and a second actuatable restraint, said method com- 
prising the steps of: 

sensing a crash acceleration using a first acceleration sensor, said first acceleration sensor providing a first 
discriminating crash signal when a crash event is sensed in a first direction and providing a first sating crash 
signal when a crash event is sensed in a second direction; 

sensing a second crash acceleration using a second acceleration sensor, said second acceleration sensor pro- 
viding a second safing crash signal when a crash event is sensed in said first direction and providing a second 
discriminating crash signal when a crash event is sensed in said second direction; 

sensing a secondary safing crash acceleration using a third crash sensing means, said third acceleration sen- 
sor providing a third safing crash signal when a crash event is sensed in said first direction and a forth safing 
crash signal when a crash event is sensed in said second direction; 

actuating said first actuatable restraint when said first crash sensing means provides said first discriminating 
crash signal and when either, (i) said second crash sensing means provides said second safing crash signal or 
(ii) said third crash sensing means provides said third safing crash signal; and 

actuating said second actuatable restraint when either (i) said first crash sensing means provides said first saf- 
ing crash signal or (ii) said third crash sensing means provides said forth safing crash signal and when said 
second crash sensing means provides said second discriminating crash signal. 

An apparatus for controlling an actuatable restraint, comprising: 

first acceleration sensing means having an axis of sensitivity and mounted to a vehicle at a first side location 
for providing a discriminating crash signal when a sideways crash acceleration of the vehicle is sensed in a first 
direction; and 

second acceleration sensing means having an axis of sensitivity and mounted to a second side location of the 
vehicle for providing a safing crash signal when crash acceleration is sensed in said first direction. 
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